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ARRANGEMENT FOR TREATING WORKPIECES
BY CORONA DISCHARGE WITH
SHORT-CIRCUIT PREVENTION FEATURE

BACKGROUND OF THE INVENTION

The invention generally relates to an arrangement for
measuring temperatures of workpieces to be treated in a
corona or glow discharge field.

More partlcularly, the invention relates to an arrange—
ment for measuring temperatures of workpieces to be
case-hardened in the presence of a hardening agent, to
be carburized, decarburized, metalized or the like.

Still more particularly, the invention relates to an
arrangement for measuring temperatures of workpieces
to be nitrided in the presence of a nitrogeneous atmo-
sphere, commonly ammonia gas.

Even more particularly, the invention relates to an
arrangement for preventing short-circuiting between a
workpiece to be nitrided and a container in which the
workpiece 1s accommodated.

The nitrogen case-hardening process which is termed
“nitriding”™ consists in subjecting machined and prefer-
ably heat-treated parts to the action of a nitrogeneous
medium, commonly partially dissociated ammonia gas,
under certain conditions whereby surface hardness is
imparted to the material without necessitating any fur-
ther treatment. The nitriding process imparts to the
metal to be case-hardened vastly improved properties
such as increased wear resistance, retention of hardness
at elevated temperatures, and increased resistance to
certain types of corrosion. |

It has been proposed to nitride a workpiece by electri-
cally connecting a container in which a workpiece is
accommodated to a positive terminal of an electrical
current source, and by electrically connecting the
workpiece itself to a negative terminal of the electrical
current source. The source is of sufficient strength to
establish an electrical potential or voltage gradient be-
tween the container and the workpiece so as to heat the
workpiece and concomitantly produce about the exte-
rior surface of the workpiece, i.e. in the circumambient
region of the workpiece, a corona or glow discharge
field of ionized particles including nitrogen ions which
interact with the surface of the workpiece to thereby
‘penetrate into and harden the exterior surface area of
the latter. A corona or glow discharge is a discharge
brought about as a result of ionization of a gas medium
surrounding a conductor and occurs when the potential
gradient exceeds a certain value.

It has further been proposed to measure the tempera-
ture to which the workpiece is heated by inserting a
thermal sensor element, such as a thermocouple, in a
bore either already available or deliberately machined
in the workpiece. The thermocouple wires conduct an
electrical signal generated from the temperature de-
tected at the heated workpiece in direction along a path
from the workpiece to the exterior of the container and
thereupon to an indicating and/or measuring instru-
ment.

However, such wires, even though surrounded by a
protective tubular member, must pass through the co-
rona discharge field. This results in the decided disad-
vantage that metal particles spattered from the work-
piece because of the bombardement of the ionized parti-
cles tend to deposit themselves along the path defined
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deposited particles-would form intermediate the con-
tainer and the workpiece. This results in a short-circuit
being formed between the container and the workpiece.
It will be appreciated that the formation of such a con-
tinuous electrically-conductive path also results in the
discontinuance of the electrical potential gradient be-
tween the container and the workpiece, thus terminat-
ing the case-hardening or nitriding operation.

SUMMARY OF THE INVENTION

Accordingly, 1t is the general object of the present
invention to overcome the disadvantages of the prior
art.

Another object of the present invention is to prevent
short-circuiting between a workpiece to be treated and
a container in which the workpiece is accommodated.

Still another object of the present invention is to pre-
vent discontinuance of the electrical potential gradient
established between a workpiece and a container in
which the workpiece is accommodated.

Yet another object of the present invention is to pro-
vide an arrangement for measuring temperatures of
workpieces to be heat-treated in a corona or glow dis-
charge field which is reliable and efficient in operation.

In keeping with these objects and others which will
become apparent hereinafter, one feature of the inven-
tion resides in an arrangement for measuring tempera-
tures of workpieces to be treated in a corona discharge
field, particularly of workpieces to be nitrided in the
presence of a nitrogeneous medium, which comprises,
in combination, a container for receiving a workpiece to
be treated, and means for establishing an electrical po-
tential gradient between said container and the work-
piece to thereby produce between the container and the
workpiece a corona discharge field of ionized particles
and concomitantly heat the workpiece. In order to
measure the temperature of the workpiece, heat sensing
means 1s mounted in the workpiece and extends along a
path from the workpiece through the field of particles
in the circumambient region and thereupon to the exte-

- rior of the container. In order to avoid formation of a
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by the wire and the tubular member. In time, a continu-

ous electrically conductive path comprised of such
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continuous electrically-conductive path comprised of
deposited metal particles, the present invention pro-
vides means for preventing deposition of such particles
at selected portions of the path.

In accordance with the invention, short-circuiting
between the container and the workpiece is reliably
prevented because of the absence of particles at selected
portions of the path. The electrical potential gradient
established between the container and the workpiece
will therefore not be discontinued as a result of such
short-circuiting.

This feature is realized by surrounding portions of the
heat sensing means with protective elements which
define gaps or spaces with the exterior surface of the
heat sensing means. Deposition of metal particles do not
occur in such gaps or spaces.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of spe-
cific embodiments when read in connection with the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The single FIGURE illustrates a method and an ar-
rangement for measuring temperatures of workpieces to
be heat-treated in a corona discharge field with a short-
circuiting prevention feature in accordance with the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS: |

The single FIGURE diagrammatically shows a me-
tallic container 10 in which at least one metallic work-
piece 1 — shown in broken-away vertical section — and
preferably a plurality of such metallic workpieces con-
stituting a charge, is accommodated. The container 101s
electrically connected to a positive (+) terminal of a
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direct current electrical source; and the workpiece 118

electrically connected to a negative (—) terminal of the
electrical current source. The current source may also
be an alternating current electrical source.

"~ The current source is operative for establishing an

electrical potential or voltage gradient between the

container 10 and the workpiece 1 so as to produce in the
circumambient region of the workpiece 1 about the
exterior surface of the workpiece 1 a cathodic surface
glow of a corona discharge field comprised of ionized
particles and concomitantly to heat the workpiece 1.
The electrical energy supplied is great enough to ex-

ceed a certain value required to ionize the gaseous me- .

dium surrounding the workpiece 1 and to thereby heat
the workpiece 1 to a temperature in the region of 500°
C or more. Preferably, the gaseous medium surrounding
the workpiece 1 in the container 10 is a nitrogeneous
medium, commonly partially dissociated ammoma gas,
and such hardening agents are accelerated within the
corona discharge field in accordance with the method
and arrangement of the invention for nitriding or case-
hardening the exterior surface area of the workpiece 1.
Of course, other hardening agents such as carbon or
boron may also be used. .

In order to determine how the nitriding process is
progressing, it is desirable to measure the temperature
of at least one of the workpieces 1. Hence, heat sensing
means, preferably a thermocouple 5, is mounted within
a workpiece 1 in heat-conducting relationship therewith
so as to generate an electrical signal in dependence upon
the temperature detected and, thereupon, to conduct
the signal by means of electrically-conductive thermo-
couple wires from the workpiece 1 towards the exterior
of the container 10 to a non-illustrated measuring and
indicating instrument.

An electrically-insulating, heat-resistant, tubular, ce-
ramic member 4 is mounted about the heat sensing
means so as to electrically insulate the latter from the
workpiece 1. The hollow ceramic member 4 also has
good heat-conducting properties so that the heat sens-
ing means will remain operative for sensing the temper-
ature at the exterior surface of the workpiece 1 when a
sensor portion of the thermocouple is inserted into the
interior of the ceramic member 4 and into physical
heat-conducting contact therewith.

The ceramic member 4 thus electrically isolates the
high voltage existing in the workpiece 1 from the
grounded measuring instrument. Since instruments are
generally maintained at ground potential and therefore
must be protected or electrically isolated from this

rather high voltage. Hence, no costly electrical isolation
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circuitry is any longer required for the measuring in-
strument. |
The tubular member 4 surrounding the wires S of the
heat sensing means can be extended from a path from
the workpiece 1 through the field of particles in the
circumambient region and to the exterior of the con-
tainer 10. Due to spattering of metal particles from the

workpiece 1 a deposition of these particles takes place

on the tubular member 4. In using metal containing
gases for the treatment also some of the metal ions can
be deposited on the tubular member 4. In time, the

“deposited particles would form a continuous electrical-

ly-conductive path between the workpiece 1 and the
container 10, Such a conductive path would result in
short-circuit current passing directly from the work-
piece 1 to the container 10. In order to avoid this dis-
continuance of the electrical potential gradient between
the container and the workpiece, the present invention
provides for means for preventing deposition of the
particles at selected portions of this path. |

The preventing means comprises an elongated pro-
tective element 7 mounted on the tubular member 4 at a
location in the path intermediate the workpiece and the
container. The protective element 7 has an interior
passage comprised of a main section which fittingly
surrounds the tubular member 4, and a pair of end sec-
tions 8 at opposite ends of the element 7. Each end
section 8 constitutes a blind bore and surrounds the
tubular member 4 with clearance so as to bound there-
with a space across which deposition of the metal parti-
cles cannot occur. As shown in the single FIGURE, the
main section of the interior passage has a predetermined
cross-sectional dimension, and each end section 8 has a
cross-sectional dimension greater than this predeter-
mined dimension of the main section. In other words,
the overall cross-sectional configuration of the protec-
tive element 7 resembles the letter H. | -

In order to facilitate the mounting of the heat sensing
means in the workpiece 1, a threaded insert 2 is pro-
vided with a bore 3 for receiving the tubular member 4.
A tapped bore 9 is formed in the workpiece 1 for
threadedly receiving the threaded insert 2.

In addition the preventing means also comprises an-
other blind bore 6 formed at an end of bore 3. The bore
6 surrounds the tubular member 4 with clearance so as
to bound therewith a space across which deposition of
any metal particles is prevented. B

In accordance with the invention, the protective ele-
ment 7 is advantageously constituted by heat-resistant
material, such as ceramic material, which can resist the

- elevated temperatures found in the container 10, nor-

mally ranging from 400° to about 1000° C and above.

The spaces and/or gaps formed along the path be-
tween the workpiece 1 and the container 10 constitute
breaks or interruptions in an electrically-conductive
film or layer which may be deposited on the exterior
surfaces of the tubular member 4 and the protective
sleeve 7. | |

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
usefull application in other types of constructions differ-

- ing from the types described above.

635

While the invention has been illustrated and described
as embodied in a method and arrangement for heat
treating workpieces with short-circuit prevention fea-
ture, it is not intended to be limited to the details shown,
since various modifications and structural changes may
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be made without departing in any way from the spirit of
the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for
various applications without omitting features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic or specific aspects of
this invention. |

What is claimed as new and desired to be protected by
Letters Patent is set forth in the appended claims:

1. In an arrangement for measuring the temperatures
of workpieces to be treated in a corona discharge field,
particularly of workpieces to be nitrided in the presence
of a nitrogeneous medium, a combination comprising a
container for receiving a workpiece to be treated;
means for establishing an electrical potential gradient
between said container and the workpiece to thereby
produce between the container and the workpiece a
corona discharge field of ionized particles éhd concomi-
tantly heat the latter; means for measuring the tempera-
ture of the workpiece, including heat sensing means
mounted in the workpiece and extending dlong a path
from the workpiece through said field of particles in
said circumambient region and thereupon to the exte-
rior of said container, said heat sensing means tending to
be covered by metal particles along said path; and
means for preventing deposition of said particles at
selected portions of said path so that formation of a
continuous electrically-conductive path comprised of
particles deposited on said heat sensing means 18
avoided, whereby discontinuance of the electrical po-
tential gradient due to short-circuiting between said
container and the workpiece is prevented.

2. A combination as defined in claim 1, wherein said
heat sensing means comprises a thermal sensor mounted
in heat-conducting relationship with the workpiece and
operative for sensing the temperature to which the
workpiece is heated and for generating a signal in de-
pendence upon the temperature detected, and means for
conducting said detected signal from the workpiece to
the exterior of said container. '
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3. A combination as defined in claim 2, wherein said
heat sensing means further comprises an electrically-
insulating, heat-resistance, tubular member surrounding
said thermal sensor so as to electrically insulate the
latter from the workpiece.

4. A combination as defined in claim 3, wherein said
tubular member is mounted in heat-conducting relation-
ship with the workpiece, and wherein said thermal
sensor is mounted in heat-conducting relationship with
said tubular member.

5. A combination as defined in claim 3, wherein said
tubular member is constituted by ceramic material.

6. A combination as defined in claim 3; and further
comprising a threaded insert having a bore in which
said tubular member is mounted, and a tapped bore in
the workpiece for threadedly receiving said threaded
insert. :

7. A combination as defined in claim 6, wherein said
bore of said threaded insert has a main portion for fit-
tingly receiving said tubular member, and wherein said
preventing means comprises an end portion on said bore
adjacent to said main portion and surrounding said tub-
ular member with clearance so as to bound therewith a
space across which deposition of said particles is pre-
vented.

8. A combination as defined in claim 1, wherein said
preventing means comprises an elongated protective
element mounted on said heat sensing means at a loca-
tion in said path ihtermediate the workpiece and said
container, said protective element having an interior
passage comprised of a main section fittingly surround-
ing said heat sensing means, and a pair of end sections at
opposite ends of said element, each end section sur-
rounding said heat sensing means with clearance so as to
bound therewith a space across which deposition of said
particles is prevented.

9. A combination as defined in claim 8, wherein said
main section has a predetermined cross-sectional dimen-
sion, and wherein each end section is a blind bore hav-
ing a cross-sectional dimension greater than said prede-

~ termined dimension of said main section so that said
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protective element has an overall cross-sectional config-

uration fashioned: after the letter H.
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